A Gram-staining-negative, heterotrophic, facultatively anaerobic bacterium, designated AE6 T , was isolated from a grouper (Epinephelus malabaricas) culture tank in a recirculating mariculture system located in Tianjin, China. Strain AE6
, was isolated from a grouper (Epinephelus malabaricas) culture tank in a recirculating mariculture system located in Tianjin, China. Strain AE6
T was able to grow at 15-40 6C (optimum, 30-35 6C), at pH 5.5-10.0 (optimum, pH 7.0-7.5) and in the presence of 0.5-7 % (w/v) NaCl (optimum, 2-3 %). It contained Q-8 as the predominant respiratory quinone, phosphatidylethanolamine (PE) and phosphatidylglycerol (PG) as the major polar lipids and C 16 : 1 v7c/C 16 : 1 v6c (40.4 %), C 18 : 1 v7c (15.5 %) and C 16 : 0 (13.5 %) as the predominant cellular fatty acids. The genomic DNA G+C content was 47.1 mol%. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain AE6 T belonged to the genus Photobacterium (94.2-96.8 % of 16S rRNA gene sequence similarity) and formed a distinct phylogenetic lineage within the genus and exhibited the highest sequence similarity to Photobacterium aphoticum CECT 7614 T (96.8 %) . Multilocus sequence analysis (MLSA) using four loci (gyrB, rpoA, pyrH and recA) also revealed that strain AE6 T was phylogenetically related to the genus Photobacterium. Based on the phylogenetic, chemotaxonomic and phenotypic evidence, strain AE6 T is considered to represent a novel species of the genus Photobacterium, for which the name Photobacterium aquae sp. nov. is proposed. The type strain is AE6 T (5CGMCC 1.12159
The genus Photobacterium of the family Vibrionaceae in the class Gammaproteobacteria was first created by Beijerinck (1889) . Most members of the genus are bioluminescent, indicating that they have the ability to emit light. The type species is Photobacterium phosphoreum (Beijerinck, 1889) . At the time of writing, the genus Photobacterium contained 20 species with validly published names (http://www. bacterio.net/). Members of the genus Photobacterium have been isolated from marine water and sediment samples [such as Photobacterium aphoticum (Lucena et al., 2011) , P. aquimaris (Yoshizawa et al., 2009) , P. frigidiphilum (Seo et al., 2005a) , P. gaetbulicola (Kim et al., 2010) , P. ganghwense (Park et al., 2006) , P. indicum (Xie & Yokota, 2004) , P. lipolyticum (Yoon et al.,2005) , P. lutimaris , P. angustum, P. profundum (Thyssen & Ollevier, 2005) ], or marine animals [such as Photobacterium aplysiae (Seo et al., 2005b) , P. kishitanii, (Ast et al., 2007) , P. swingsii (Gomez-Gil et al., 2011) , P. jeanii (Chimetto et al., 2010) , P. rosenbergii (Thompson et al., 2005a) , P. damselae, P. iliopiscarium, P. leiognathi, P. phosphoreum (Thyssen & Ollevier, 2005) ]; an exception is Photobacterium halotolerans, which was isolated from a saline lake (Rivas et al., 2006) . Some strains are pathogenic for aquatic animals and can therefore indirectly affect human health through their consumption, such as Photobacterium damselae subsp. piscicida, which could be a causative agent of fish pasteurellosis (Snieszko et al., 1964; Kusuda & Yamaoka1972) , but most strains are common inhabitants of marine ecosystems and have not been described to be pathogens of marine animals. In July 2012, during an investigation of culturable heterotrophic bacterial flora in a recirculating mariculture system (GPS coordinates 38 u 509 490 N 117 u 379 120 E) in Tianjin, China, a photobacterium-like bacterium, designated strain AE6 T , was obtained. In this study, its taxonomic position was determined by using a polyphasic approach.
For isolation of bacterial strains, a water sample collected from a grouper (Epinephelus malabaricas) culture tank in the recirculating mariculture system was 10-fold diluted T was obtained by repeated streak culture on new plates. Subcultures were performed using MA or stored as glycerol stocks (15 %, w/v) at 280 u C.
Routine cultivation was conducted at 30 u C with MA (pH 8.0) unless otherwise indicated. Gram staining was performed according to the method of Gerhardt et al. (1994) . Cell morphology was examined by phase-contrast microscopy (Axiostar plus, Zeiss, Germany) and transmission electron microscopy (H-600, Hitachi) after negative staining with 1 % (w/v) phosphotungstic acid. Motility was determined according to the method of Dong & Cai (2001) using half-strength MA [0.8 % (w/v) agar]. Flagellation was confirmed by transmission electron microscopy. Growth under anaerobic conditions was determined by incubation in an Oxoid AnaeroGen system. Catalase and oxidase activities, H 2 S production and nitrate reduction were determined as described by Dong & Cai (2001) . Growth at pH 4.5-10.0 (in increments of 0.5 pH units) was determined in marine broth 2216 (MB; Difco) with the pH adjusted using sodium acetate/acetic acid or Na 2 CO 3 buffers and readjusted after autoclaving with sterile sodium acetate/acetic acid or Na 2 CO 3 buffers. The growth temperature range was determined on MA plates at 0, 4, 10, 15, 20, 25, 28, 30, 35, 37, 40 and 45 u C. Tolerance to different NaCl concentrations was determined in marine broth 2216 (MB; Difco) containing various final NaCl concentrations (2, 3, 4, 5, 6, 7, 8, 9 and 10 %, w/v). Growth with NaCl concentrations lower than 2 % (0, 0.5 and 1.0 %, w/v) was checked using modified marine broth 2216 which contained the following (l 21 distilled water): peptone, 5.0 g; yeast extract, 1.0 g; ferric citrate, 0.1 g; MgCl 2 , 5.9 g; MgSO 4 , 3.24 g; CaCl 2 , 1.8 g; KCl, 0.55 g; KBr, 0.08 g; SrCl, 34.0 mg; boric acid, 22.0 mg; NH 4 NO 3 , 1.6 mg.
Oxidization of carbon sources was examined by using Biolog GEN III microplates. Additional biochemical properties and enzyme activities were detected using API 20NE, API 20 E and API ZYM strips (bioMérieux) following the manufacturer's instructions supplemented with 2 % (v/v) NaCl. Susceptibility to antibiotics was determined using filter-paper discs (Beijing Pharmaceutical Company) containing various antibiotics as specified in the species description.
Strain AE6
T was oxidase-and catalase-positive, chemoorganotrophic and facultatively anaerobic. Cells of strain AE6
T were Gram-staining-negative, short rod-or coccobacillary-shaped, with size of 0.7-1.0 mm wide and 1.0-2.0 mm long, and motile by means of a polar flagellum (Fig.  S1 , available in IJSEM Online). Colonies on MA were circular, smooth, convex, cream-coloured and 1.5-2.0 mm in diameter after incubation for 2 days at 30 u C. Nitrate was reduced to nitrite. Growth was observed at 15-40 u C (optimum, 30-35 u C), at pH 5.5-10.0 (optimum at 7.0-7.5) and in the presence of 0.5-7 % (w/v) NaCl (optimum, 2-3 %). NaCl was required for growth. More physiological and biochemical properties of strain AE6
T are listed in Table 1 as well as in the species description. It is noted that almost all the results obtained in this study for the type strains are consistent with those previously reported (Lucena et al., 2011; Yoon et al., 2005; Thompson et al., 2005a) , with only four exceptions in total (acid production from myo-inositol, a-glucosidase activity and hydrolysis of starch of P. aphoticum CECT 7614
T and oxidization of trehalose by P. lipolyticum DSM 16190 T ), suggesting that these properties may be variable in those species.
Genomic DNA extraction, PCR and sequencing of the 16S rRNA gene were conducted according to the method of Kim et al. (1998) . The DNA G+C content was determined by the thermal denaturation method (Sly et al., 1986) and DNA from Escherichia coli K-12 was used as a control. The almost complete nucleotide sequence of the 16S rRNA gene was compared with available 16S rRNA gene sequences on the Eztaxon server by using identity analysis (http://www. eztaxon.org/; Chun et al., 2007) . The multiple alignment with closely related members was performed using the CLUSTAL_X program (Thompson et al., 1994) and then a neighbour-joining phylogenetic tree was reconstructed from the evolutionary distance matrix calculated using the MEGA program (version 4; Tamura et al., 2007) . The stability of the relationships was assessed by means of bootstrapping (based on 1000 replicates). Phylogenetic analyses based on 16S rRNA gene sequence revealed that strain AE6
T was situated within the genus Photobacterium (94.2-96.8 % 16S rRNA gene sequence similarity) and showed the highest sequence similarity to P. aphoticum CECT 7614
T (96.8 %) (Fig. 1) . The genes encoding DNA gyrase subunit B (gyrB), uridylate kinase (pyrH), recombinant protein RecA (recA) and RNA polymerase a subunit (rpoA) were used for multilocus sequence analysis (MLSA). PCR primers for the four genetic loci and the reaction conditions were the same as those used by Yamamoto & Harayama (1995) , Pascual et al. (2010) , Sawabe et al. (2007) , Thompson et al. (2005b) and Lucena et al. (2011) , respectively. The PCR products were 1170, 602, 831 and 928 bp, respectively. The MLSA also revealed that strain AE6
T was phylogenetically related to members of the genus Photobacterium and was likely to be a novel member of the genus (Fig. S2) .
Isoprenoid quinones were extracted and analysed as described by Komagata & Suzuki (1987) . The polar lipids of strain AE6
T were extracted according to the procedures described by Kates (1986) and separated by two-dimensional TLC using silica gel 60 F254 plates (Merck). Total lipids, phospholipids, aminolipids and glycolipids were identified by spraying corresponding TLC plates with 10 % ethanolic molybdatophosphoric acid reagent (Gunstone & Jacobsberg, 1972) , phosphate stain reagents (Kates, 1986) , ninhydrin and a-naphthol reagents, respectively (Fig. S3) . For fatty acid methyl ester analysis, cell mass of strain AE6 T and the most closely related species was obtained individually from MA plates after cultivation at 30 u C for 2 days. The cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. AE6
T contained Q-8 as the sole respiratory quinone, the same as other members of genus Photobacterium (Nogi et al., 1998) ; and phosphatidylethanolamine (PE) as the most abundant polar lipid and phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and two unidentified ninhydrinpositive phospholipids and an unknown phospholipid as the minor polar lipid components (Fig. S3) . The fatty acid contents of strain AE6
T and the other three species of the genus Photobacterium examined are listed in Table S1 . The fatty acid profiles obtained in this study for type strains P. aphoticum CECT 7614 T , P. lipolyticum DSM 16190 T and P. rosenbergii LMG 22223
T were similar to those originally described (Lucena et al., 2011; Yoon et al., 2005; Thompson et al., 2005, respectively) , especially for the major components of these type strains, despite of the differences in the proportions of the major components, which may be due to the different conditions used. Strain AE6
T exhibited similar Growth at 37 u C + + 2 + Growth at 7 % NaCl concentration + + 2 W Production of diffusible light-brown pigment 2 + 2 2 Indole production 2 2 + 2 Acid production from (API 20 E): fatty acid profile to those of the type strains, it contained C 16 : 1 v7c/C 16 : 1 v6c (40.4 %), C 18 : 1 v7c (15.5 %) and C 16 : 0 (13.5 %) as the predominant cellular fatty acids; and C 14 : 0 (3.9 %), iso-C 15 : 0 (3.5 %), C 14 : 0 3-OH/iso-C 16 : 1 I (2.6 %), C 12 : 0 (2.5 %), C 12 : 0 3-OH (2.1 %), iso-C 17 : 0 (2.0 %), anteiso-C 17 : 0 (1.8 %), iso-C 17 : 1 v9c (1.6 %), anteiso-C 15 : 0 (1.5 %), iso-C 13 : 0 (1.2 %), iso-C 16 : 0 (1.2 %) and iso-C 15 : 1 F (1.0 %) as the minor components. Strain AE6 T can be differentiated from P. aphoticum CECT 7614
T as it has a slightly lesser amount of C 16 : 1 v7c/C 16 : 1 v6c and C 16 : 0 and slightly greater amount of C 18 : 1 v7c and by the presence of minor fatty acids anteiso-C 15 : 0 and anteiso-C 17 : 0 ; from P. lipolyticum DSM 16190
T by the lesser amount of C 16 : 1 v7c/ C 16 : 1 v6c and C 16 : 0 and greater amount of C 18 : 1 v7c which was not a major fatty acid in P. lipolyticum DSM 16190 T and by the presence of the minor fatty acids anteiso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 ; and from P. rosenbergii LMG 22223
T by the greater amounts of C 16 : 1 v7c/C 16 : 1 v6c and C 16 : 0 , lesser amount of C 18 : 1 v7c and by the presence of the minor fatty acids anteiso-C 15 : 0 and anteiso-C 17 : 0 .
T showed some important properties that are in agreement with those reported previously for members of the genus Photobacterium (Thyssen & Ollevier, 2005) , such as morphology, Gram reaction, requiring NaCl for growth, being facultatively anaerobic, chemo-organotrophic and negative for ornithine decarboxylase. However, strain AE6 T showed a range of phenotypic characteristics that differentiated it from species of the genus Photobacterium with validly published names (Table 1) , such as indole production, acid production from some substrates, activities of some enzymes, hydrolysis of some substrates and oxidization of various carbon sources.
Combining the above phenotypic, chemotaxonomic and genotypic results, it is concluded that strain AE6
T represents a novel species of the genus Photobacterium, for which the name Photobacterium aquae sp. nov. is proposed.
Description of Photobacterium aquae sp. nov.
Photobacterium aquae (a9quae. L. gen. fem. n. aquae of water).
Cells are Gram-staining-negative, short rod-or coccobacillary-shaped with sizes of 0.7-1.0 mm in width and 1.0-2.0 mm in length, motile by means of a polar flagellum. Clones on MA are circular, smooth, convex, creamcoloured and 1.5-2.0 mm in diameter after incubation for 2 days at 30 u C. Oxidase-and catalase-positive. Chemoorganotrophic and facultatively anaerobic. Reduces nitrate to nitrite. Growth occurs at 15-40 u C (optimum, 30-35 u C), at pH 5.5-10.0 (optimum at 7.0-7.5) and in the presence of 0.5-7 % (w/v) NaCl (optimum, 2-3 %). NaCl is required for growth. Hydrolyses arginine, gelatin, Tweens 40, 60 and 80 and starch, but not L-tyrosine, aesculin and casein. Negative for production of indole, H 2 S and acetoin, activities of b-galactosidase, urease, lysine dedarboxylase, ornithine decarboxylase and tryptophan deaminase and citrate utilization. Acid is produced from glucose, but not Photobacterium jeanii R-40508 T (GU065209)
Photobacterium rosenbergii LMG 22223 T (AJ842344)
Photobacterium gaetbulicola Gung47 T (G.Q260188)
Photobacterium lutimaris DF-42 T (DQ534014)
Photobacterium aquae AE6 (JQ948040)
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Vibrio proteolyticus ATCC 15338 T (X74723) Fig. 1 . Neighbour-joining phylogenetic trees based on 16S rRNA gene sequences of strain AE6 T and species of the genus Photobacterium. Bootstrap values .50 % (based on 1000 replications) are shown at branch points. Filled circles indicate branches that were also recovered using both maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) 
